We consider an extended supersymmetric SO(10) seesaw model with only doublet Higgs scalars, in which neutrino masses are suppressed by the scale of D-parity violation. Leptogenesis can occur at the TeV scale through the decay of a singlet , thereby avoiding the gravitino crisis. Washout of the asymmetry can be effectively suppressed by the absence of direct couplings of to leptons. DOI: 10.1103/PhysRevD.75.011701 PACS numbers: 12.10.Dm, 12.60.Jv, 14.60.St, 98.80.Cq One of the most attractive scenarios to account for the baryon-to-photon ratio of the universe is leptogenesis [1,2] in the context of the seesaw mechanism [3][4][5][6][7]. According to this the out-of-equilibrium decays of the lightest righthanded (s)neutrinos produce a net lepton number which is later reprocessed into the observed baryon asymmetry. However, if they are thermally produced in the early universe, the reheating temperature (T R ) should exceed 10 9 GeV [8,9]. In the context of supersymmetry, this leads to the overproduction of gravitinos, with catastrophic consequences for the evolution of the universe [10]. Although somewhat model-dependent, the upper bound on T R from gravitino overproduction is rather stringent and can be as strong as T R < 10 6-7 GeV [11].
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Here we suggest a way to cure this problem by extending the seesaw mechanism. In contrast to Ref. [12] we keep R-parity conserved and adopt a supersymmetric grand unified SO(10) model, already proposed in [13] . The model requires three sequential gauge singlet superfields S i , i 1, 2, 3 in addition to the three usual fermions in the 16-dimensional representation of SO(10) [14] . In contrast to conventional seesaw, the left-right symmetry is broken only by Higgs doublets [15] [16] [17] . One remarkable feature of these models is that the scale of neutrino masses is independent of the (B ÿ L) breaking scale [13] . We assume an additional singlet superfield without direct couplings to the usual matter multiplets. It is the out-ofequilibrium decay of this superfield that drives leptogenesis. Its mass can be as low as TeV, thus avoiding conflict with reheating bounds [11] . Moreover, in contrast to the simplest, unextended seesaw, one can naturally suppress erasure of the created asymmetry due to washout processes without conflicting with the magnitude of neutrino masses indicated by oscillation experiments [18] .
The present model spontaneously violates D-parity, which connects the subgroups SU2 L and SU2 R of SO(10). In the left-right symmetric models the D-parity is identified with the usual parity operation of the Lorentz group. Thus the vacuum expectation value (vev) of any D-parity odd singlet scalar can break parity spontaneously even when SU2 R is unbroken. This can have important implications, for example, it makes the SU2 L and SU2 R gauge couplings differ, and similarly the masses of lefthanded and the corresponding right-handed fields. In an SO(10) grand unified theory, the adjoint and the 210 representations contain D-parity odd singlet fields that can break parity spontaneously [19] .
Here we consider the symmetry breaking pattern
We also impose a global U1 G symmetry, under which all three minimal SO(10) matter supermultiplets (superfields with odd matter parity) in the 16 are neutral and the gauge singlet matter superfields S i , i 1, 2, 3 carry nonzero G-charge. In addition, we introduce singlet chiral superfields and X, the latter with G 0 and invariant under D-parity.
For the symmetry breaking we consider the minimum number of Higgs scalars. In addition to the adjoint, we
